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embryonic cells which either lack a corresponding endogenous gene or which colK^S2i£ 

Z;2T JTT is however totally or part,y inhibited ' The invention * *» -SS1S?3; 

It will of course be understood that the word "gene" as used hereafter, particularly when reference is 
made to a gene contained in the vector, must be understood as relating not only to a ^natura " Znl 

seq srr t r r cribed in, ° a ^ any 

are wZTZto lTotteT* T^ **■ ****** numb8r> t0 bibli °9^hica. referees. The latter 
Thf«i 1 the present specification and are incorporated herein by reference 

» repel ^ZSJ^T"* "° * U " d thr ° U9h ° Ut ,he Wh °' e Specifica,ion : LTR - terminal 
20 repeat EC embryonal carcinoma ; neo, neomycin ; M-MuLV, Moloney Murine Leukemia Virus ■ oRNA 

SS. CSdi mP ' ymidine kinaSS P ~ r " ; APH(3 ' )N - """Hrtco-d. 
» celh^SJL 18 . 1 ? 0nly r th ° d WhiCh h3S UP ,0 n0W been used successfully to introduce DNA into 

is a hinTr n r ;f h ° U9h retroviruses can infect em bryonic cells and integrate into the chromosome (7) there 

mav be a » IT ? 6 ?? 6XPreSSi0n in b ° ,h 6mbry0S (8) and embryonal (EC) cells « This b^ k 

may be at the level of transcription (1 0) and/or RNA maturation 

The object of the invention is to overcome these difficulties, more particularly to provide a retroviral 
vector which can lead to the production of high titers of a virus which is itself capable 7^Za ^ 

^Sn^E^ST T embryonic cel,s - particular,y 3 9ene fore * n * or iC S 

e'mtyS S ° ein9 ,Urtherm0rS CaPaWe " CaUSi " 9 SaW d — d - * 

DNA^eo^nce'to 1 hi T '"^l™ *° P™* 6 3 r8tr ° Viral V9C,0r ca P ab,e of an heterologous 

DNA sequence to be expressed ,n differentiated cells (or cells in culture infectable by the corresponding 

euca'ryo^icuS IZiTT * * ^ 3 ***** M f ° r the ^formation of ceNs of high 
to^Xs^l r ma ; an . Cel S ' no matter whether «• the embryonic or differentiated stage. 

c 0 nTatfn Q a deTe SI ?, "ST am ° UntS ° f 3 corres P° ndin 9 particularly of a retrovirus 

containing a determined gene inserted ,n ,»s genome. Thus the invention also concerns the so transformed 

term^al Z^lX*^!?** \T. reC ° mbin3n1 C ° nt3inin9 3 retf0Viral se < uence includi "9 *. long 
rerminal repeals (LTR) of the 5 and 3* termini of a provirus corresponding itself to a retrovirus selected 

part of the first intron which contains the packaging signal of said retrovirus (i.e. the part of the viral qenome 

characterized n that ,t further contains, downstream of said intron part in the direction of transcription a 

E2T: ( feSP8Ct 10 4,19 98n0me> Pr ° m0,er re9ion ' includi "9 « ■«* one pToZe and 
enhancher sequence assoc.at d therewith, said promoter being selected from among those wn ch are 
recognized by the endogenous polymerases of said cell species. 



35 



40 



45 



2 



EP 0 178 220 B1 



25 



30 



35 



40 



45 



50 



55 



and 1 rKiJ^^Tn^Sf^ fT tranS, ° rmati0n ° f Ce ' IS ° f ««*~ 
an area of said recomSnt se n^^ *° ab0Vesaid ~* "#« °u1 within 

and stable expression of said gene into s^d ce5 specS S9qUenCe ' * ,ra " S ™ 

5 inventonT^ ™^ «* ~ed **** <- «* 

transformed by s*d DM reco^Wnl oaSS T * * ^ 6Xpressed eve " in ^"ryonic cells 
essentia, ^ISSS iSES^* - ^ ^ ° f 3 «™P*» - 

. insei 8 r e ; enhanced if a second p~ •» 

can be activated by Z^^ZZLZt^ within an area which 

the second promoter must also be selected h^T^Z f, [ st P romoter - 11 9°^ without saying that 
sought to be transformed by To JZt * "* r9C ° 9ni2ed * th9 Ce » S ' ecies 

cLJt*,^^. prov,rus and at least that part of the ,irst in,ron which 

" ira^p a on S an7 " d0 " n "~ n °' Said " - *• in the direction of 

* -ri^ of said SV40 

selected from among those which are recoonb J h„ th! T ' d Se ° 0nd pr ° m0,er bein 9 

IMM, mad. 10 »» ONA LuroS™S^ *' b " UboraK "V» » nw. 

-IV tM. h a .a*,, „ ^S^Z^SZT """" * °* - 

it is of course understood that the expression "SV40 enhancer" ft vt«nHc ^ ♦ 

Anv arinnupto c~ * ' ,he metall °™thionine. of the MMTV virus, etc.. 
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infers irii^Si Z^ 0 ' ^ inV6nti0n ' PartiCUlarl ^ in the f °™ - the 

mmmmMm 

so oonoJ^ta 8n,em deP9ndin9 ° n ,he reSlriC,ion si,9S avai,abte in »• area 

ing w5h Z^Tom^:ZT SS makin ° 3n in,eCti ° US VirUS veCt0r " ™^ ^form- 
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preferred competent eel Is T the prlcln T fT" * M * SeqU6nCe deri ^ °~M-MuLV; 
ce.,s which had bill^^^^ ThTZ^B^ ST* ^ 
s between the 5'LTR and the start codnn fnr pJnT 9 a "" Pstl deletlon < 351 b P) 

donor site for th , en - mSlJTaS and 'nT ' m ° re .TJ CUlar,y 6 bp UpStream ,rom the P*»«™2 
particularly referenciT5) approx.mate.y 50 bp from the star, codon for no- : see 

Cell infected with a non-defective retrovirus, particularly a wild retrovirus can be uwi t™ u„ 
upon transformation of these r^ik with tho nm "»uovirus can oe used too. However 

-^p^-^n^7^jrr^= 

Fig. 1 is a d.agram of a recombinant in accordance with the invention and Fiq 2 a diaaram m pn„th Q , 
recombinant constructed for comparative purposes 9 an0th8r 

i 3 ic1iSrS^ APH(3 ' ,n ^ = 9ene-encoded phosphotransferase) 

Construction of the retroviral vectors : 



as 



1) plasmid pMMuLV-SVtk-neo. 



The starting DNAs used were plasmid pB6 (12) and vector pSVtk-neo/? (11) 
A M Tn-StT itS f ,r ° m P,aSmid PM0V3 (13 > whi6R Gained a proviral copy of M-MuLV 

£ f M ll SSSTSr C 6d inS8rtin9 *" M13mp8 P0,i " inker < 14 > int0 lhe "W *• ^ Position «ri 

i^Try^isr ^ BamHi site ' which is at e - 537 - - - 

r* PB6 W3S d ' 9 518(1 With the res,ric,ion s a» and BamHI and the fragment includino the two LTR 

Odenbf.ed by arc A in Fig. 1) was ligated to fragment identified in Fig. 1 by arc B (fragment B) 

BamHlEd 1 ; Ln'lT ,?T ° btained 88 ,0 "° WS - P SVtk ™" digested with BamHI and Hindlll. The 
BamHI-H.nd.l. fragment wh.ch contained th SVtk r gion wiTthen ligated to a fragment containing a Sal 
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The recombinant obtained pM-MuLV-SVtk-neo had a size of ToTkb 

(a) M-MuLV sequences ; 

S srissr: DNr nds to ,he orientation of codin9 strand ° f ,he «-> ; 

" mo.Se 322 Se<,UenCeS : " : ^ Sa " S,te " P M ' MuLV -2££ «• droved during the construction of this 

furthl?^ *™ ~ -tors molecu.es which warrant 

RNA and integration oMhrprovims (2 3)^) ?"o thT sItr Zl lilT^ * ^ ^ 

gCi%r^ 

^ to mamma,ian ce„s (ii^etf 

(600 base oairs n i7s- .n 7^ f * It V 3,1(1 herpes simplex 1 thymidine kinase promoters 

fs ZplH k Pf !, SSeS th9 ampiCi " in f9Sis,ance 9 ene - There,ore - the neo gene in pM S-E (R Q 2 

Fi7i^p„ Und8r -! he transcri P tional o' on'y LTR, whereisln P M-MuLV-sXISl L 
irig. i; gene is expected to be under the transcriDtinnai 



25 



30 



/Pin n ^ ■ " uww "^ uu,, <" wnuoi oi oniy trie LTR, whereas in pM-MuLV-SVtk-neoThe npn - 

Cell culture, virus infection and G418 selection : 



Cell lines : 



45 HPRT Ouab R (17). The mouse differentiated cell lines were <f>2 (5), N.H 3T3 (18), and NIH 3T6. 

Virus production : 

so 4 JJ m?di^wS,T4 0 1« b ^l, an, tr" 3 ' ° NA ^ P,3Ced in 6 Cm diameter cu,ture *h* staining 
ce!s a 37* C for 24 hou fs l^! ri C ^ a PP ro * imate, y « 50 % confluence After incubating the 
minutes W3S r8m ° Ved 30(1 ,hen " was ""Wfuged at 3000xg at 4* C for 15 

Virus infection : 



ss 
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cells (between 5 x 10= to 2.5 x 10*) were transferred to 10 cm plates. One day after this transfer the 
medium was replaced with medium containing 500 ug/ml of G418 (Geneticin from Gibco) and w« chanJed 

daT iTrsT ° n ' ? 41 f reSiStant Ce " S ^ ^ * Which P° int the ™ diu ™ *» c" angedte'l 
Svidu^Hnn T°T. * 10 ,0 14 days after the be 9 inni "9 of the G418 selection 

rile" ^ " SUCkin9 th6m UP in, ° 3 2 m ' P ' pene and trans,erri "9 them 1 «" 

DNA transformation : 

Plasmid DNA was transfected into cells using the technique of Graham and Van der Eb (19) The 

1*«Z« °f T e ?T? tate / aS f ° rmed USi " 9 20 U9 0i DNA in a vo,ume of 500 ^ute transitions, 
and most of the stable transfections, 6.6 ug of the plasmid pCH110 was added to the other DNA as an 
interna control for the efficiency of transfection. this plasmid expresses /J-galactosidase (20). The DNA 

mS a ?J V fTV° 'J? ^ P ' ate C ° ntainin9 5 X 105 Ce " S - Th9n ' after inCubati "9 the cells f ° r 30 
T f of k ' m ° m8d,Um W3S added 0ne day la,er ' ,he medium was cha "9«d. and then, after an 

th?lT .°rf ' Pr ° tein eXtraCtS W8re Prepared ,rom the cells - For stable transformation experiments, 
the cells were dilute, .nto 10 cm plates containing fresh medium after the initial 24 hours (see the previous 

20 Assay of protein extracts for APH(3')II and l-galactosidase : 

TricR 9 " 3 T? T^J"** usin 9 TS 038 mM NaCI, 5 mM NaCI, 5 mM KCI. 0.7 mM Na 2 HPO*. 25 mM 
Tns Base, 0.7 mM CaCI 2 and 1.0 mM MgCfe. pH 7.4). Then, after adding 200 ul of lysis buffer (85 % TS 
15 /. glycerol. 0 mM dithiothreitol) the cells were scraped off the plates and sonicated (Ultrasonics Inc W- 
375) for 2 mmutes at 4 C using 100 % power output and 50 % duty cycle settings. Next. 1/10 volume of 
0.5 % deoxycholate and 1.0 % NP40 was added. The cellular debris was pelleted by conjugation for 10 

ZTttlL 1 a " d the su P ernatant was sav ° d - protein concentration of the extract 

was assayed using the Bradford procedure (21). The activity of /3-galactosidase and of APH(3')II were 
assayed according to references (22) and (23) respectively. 



JO 
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30 



The retroviral vector containing tte mt^ SW r*ojT^ exp^^ 
Transient expression : 

M m,„ 1° Si whet ^ A Unin,e , 9rated c °P ies of a retroviral v °<*» can express the neo gene, we transfected pM- 

re ro^^T; n TH ,lbr0b l aSt Ce ' IS (N ' H 3T6) " d E ° ~* (LT - 1) - ^ 3_7ivea,s that 

m , u « «? Production of detectable quantities of APH(3')II in both cell lines, although pM- 

MuLV-SVtk-neo is expressed five-fold more efficiently in the NIH 3T6 cells than in the LT-1 cells. 

w Stable transformants : 

Next we tested whether the recombinant retroviral vectors could stably express the neo gene in EC 
m w ( ew. S , Umabl l after chromosomal integration). We transfected LT-1 cells with pM-MuLV-neo or pM- 
MuLV-SVtk-neo DNA. Table I which reports the efficiency of producing G418 resistant clonesrihows that 
only the retroviral vector containing the SVtk promoter has the ability to produce G418 resistant LT-1 cells 
although both plasmids are equally efficient at transforming differentiated cells (see next section) Next to 
learn whether adjacent retroviral sequences have an effect on the expression of the SVtk-neo gene in EC 
cells, we compared the efficiency of transformation of pM-MuLV-SVtk-neo to that of pSVtFneo/8 a non- 
retroviral plasmid which also uses the SVtk promoter to express the rTeoTene. As shown iirflbie'l, these 
two plasmids are essentially equally efficient at centering G418 resistance to LT-1 cells, therefore it is 
unlikely that a mutation is required for pM-MuLV-SVtk-neo to be transcriptionally active in EC cells. ' 

Production of viruses from a recombinant retroviral plasmid containing an int rnal SVtk-neo transcription 
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To produce virions carrying gRNA ncoded by pM-MuLV-neo or pM-MuLV-SVtk-neo. we transfected 
these plasmids into *2 cells, a retrovirus trans-complementing 3IST line, which does noT?roduc M-MuLV 
but can package recombinant r trovirus s (5). Following the plasmid transfection. cells expr ssin the neo' 
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gene were selected by adding G418 to their culture medium. The efficiency of obtaining G418 resistant 
clones was approximately 1 0~* for both plasmids (Table I). waning t.41 o resistant 

The transformed clones were mixed, and their supernatant was collected. We tested whether this 
supernatant contamed retroviruses carrying the neo gene, by exposing NIH 3T3 cells to ttoZwZt and 
. ttien select-ng for cells capable of growing in G4T8. The supernatant from the « cTcaSgThe pM 
MuLV-neo or the pM-MuLV-SVtk-neo plasmids had a tier of approximately 8 x 10= G418 resent colonv- 

eS Id ^ mi, ! iliter (G41 f C,U/ml) ^ "' There, ° re - Ce " S COntaini "9 these rZolT^l 
TvTlZT ? Vir ' 0nS K wh,ch can transfer 222 9ene into differentiated cells. Furthermore, the internal 

io tfb TS1 ZZ M?T m > Cha " 9e 6f,iCienCy 0< Pf0dUCin9 th9S6 ^combinant retroviruse 
io fTable I). Fmally, both M-MuLV-neo expressed the same level of APH( 3 -)II in infected NIH 3T3 cells (Fig. 1 

Viral transduction of the neo gene into EC cells : 

is We next tested whether the M-MuLV-neo and the M-MuLV-SVtk-neo viruses could confer G418 
Ti fE?„ *■ ° t C ?" S -,M hree !? Ce " lin8S ^ e S,Udied ' each ^"9»ent developmental propel 
thP J! I l P J"" 6, Wh6reaS PCC3 and PCC4 "* multipotent < 17 >- These EC 'ells were grown fn 

he v.rus-contain,ng med.um, and the cells were then transferred into medium containing G418. In contrast 
to the resul obtained with drtferentiated cells (NIH 3T3), only the M-MuLV-SVtk-neo viL was capable o 

20 confermg stable G4t8 resistance to all three types of EC cells. The M-MuLV-neo virus was eiL 

^Tl^tl tranSdu f h an ac ! ive 222 9 8ne < when 'Acting LT-1 cells), or verTinefficient relative to 
the pM-MuLV-SVtk-neo v.rus (when infecting PCC4 or PCC3 cells) as shown in Table I 
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We .solated individual G418 resistant EC clones, all of which maintained their typical EC morphology 
55 Toprov that the neo gene is actually expressed in these cells, we assayed cellular xtracts for APHO 1 )!! 

Fig. 2 is an autoradiograph of the in situ assay of APH(3')II (the neo gene-encoded phosphotransferase) 
after lectrophoretJc separatjoon fromth endogenous phosphotransfiTise activity. The arrow points to the 
position of the APH(3')II activity. 
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(A) Extracts from NIH 3T5 and LT-1 cells were assayed fro APH(3')II 48 hours after co-transfection with 
pM-MuLV-SVtk-neo and pCH110 DNA. We used the level of 0-galactosidase (0-gal) expressed from the 
pCHH0 as arTinternal control for the efficiency of transfection. The numbers 9.6 and 3.7 are the number 
of £-gal units in the NIH 3T6 and LT-1 extracts, respectively, the definition of 0-gal units can be found in 

5 reference 32. 

(B) APH(3')II assay of extracts from G418 R LT-1, PCC3, PCC4 and NIH 3T3 cells, which had received 
the neo gene by DNA transformation (pSVtk-neo/i) or viral infection (M-MuLV-SVtk-neo and M-MuLV- 
neo)7Tndividual clones (A, B, C and F) or mixTureTof many clones (M) were assayed" 

Fig. 3 shows the results of this assay, which demonstrates that the neo gene product is expressed in all 
70 of the G418 resistant cells infected with the M-MuLV-SVtk-neo virus. OrTthe other hand, the G418 resistant 
PCC3 cells derived from infection with the M-MuLV-neo "viruTcontained at least 40 fold less APH(3')II than 
EC cells infected with the M-MuLV- SVtk- neo virus, oTdifferentiated cells infected with either the M-MuLV- 
neo or M-MuLV-SVtk-neo virus, or differentiated cells infected with either the M-MuLV-neo or M-MuLV-SVtk- 
neo virus. 

75 Therefore, the addition of the internal SVtk promoter 5' to the neo gene confers up on retroviruses the 
ability to transduce and stably express the neo gene in nullipotent and multipotent EC cells. Furthermore, 
the few G418 resistant EC cells transduced "by" M-MuLV-neo produce 40 fold less APH(3')II than M-MuLV- 
neo transduced differentiated cells. 

The results obtained thus show that the retrovirus (M-MuLV-SVtk-neo) was capable of introducing and 

20 expressing the neo gene in all EC cell lines tested. Each of these "EC cell lines has characteristics of 
different stages of embryonic development (1), suggesting that this retroviral vector may be suitable for 
introducing and expressing genes in embryos. 

On the other hand, the retrovirus without the SVtkpromoter (M-MuLV-neo) is unable, or extremely 
inefficient at expressing the neo gene in EC cells. FofTnstance, using eithe7~DNA transformation or viral 

25 infection (table 1), pM-MuLV-neo was unable to confer stable neo gene expression to LT-1 cells. In contrast 
to LT-1 cells, PCC4 and PCC3~ceils were transformed to G4~18~ resistance by the M-MuLV-neo retrovirus, 
although at an extremely low efficiency (10 and 400 G418 R cfu/ml respectively, table 1)7These G418 
resistant cells maintain EC morphology and multipotency. Although they are resistant to G418, their level of 
APH(3')II expression is at least 40 fold lower than in the EC ceils which had been infected with M-MuLV- 

30 SVtk-neo (Fig. 1). Therefore, the retroviral promoter and splicing are probably functioning in these cells, but 
at aVeduced efficiency. One of the characteristics of PCC3 cells is their ability to differentiate in culture. For 
this reason, it is likely that whithin the PCC3 cell population, cells at different states of differenciation coexist 
(28). We hypothesize that a sub-population of PCC3 cells have the ability to express, although inefficiently, 
genes under the transcriptional control of the retroviral LTR. 

35 The fact that the internal SVtk promoter did not significantly change the amount of virus produced by 
the ^2 cells containing pM-MuLV^SVtk-neo (Table I) shows that a second promoter, which is in tandem with 
the LTR, is not necessarily deleterious to the propagation of a retrovirus. 

It will of course be understood that any other gene or nucleotidic sequence can be substituted for the 
neo gene, particularly when the expression of said other gene or nucleotidic sequence is sought. 

40 The vector of the invention can also be used to transduce an antiparallel copy of a gene into a cell. We 
(32) and another group (33) have presented evidence that antiparallel mRNA can inhibit the expression of 
the complementary mRNA in eukaryotic cells. The inhibition of a developmental^ important gene, by 
expressing an antiparallel copy of that gene, has the potential of being a powerful technique to study 
development. 

45 In the preceding example the gene transmitted into and expressed by the embryonic cells was the neo 
gene. It goes without saying that said gene can be substituted by any other gene, particularly the gene the 
expression of which is desired in the embryonic cells. For instance the pM-MuLV-SVtk-neo can be digested 
by Sail and Bglll, and the retroviral fragment obtained containing the LTRs and the promoter region yet 
freed of the neo gene, be ligated to the extremities of the gene concerned, if necessary after appropriate 

so modification oTextremities of said retroviral fragment and of said gene by any of the classical methods 
useful for that purpose (for instance by forming blunt ends or using of synthetic intermediate linkers 
provided with the adequate restriction sites, etc.). This is of course but an example of the different possible 
manners of providing for the introduction of a determined gene under the control of the SVtk promoter 
region of pM-MuLV-SVtk-neo. 

55 The preceding vectbFls moreover particularly adapted for the transformation of mouse cells. It goes 
without saying that the basic principle of the invention applies also particularly to other types of cells. It is 
also worthwhile mentionning that the host specificity of a given strain may be modified, for instance by 
transforming the cells of a different host, say human cells, however first caused to contain at least part of 
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the genome of a xenotypic-type retrovirus, particularly part of the env gene of said xenotypic-type virus the 
S^SXZT" th0S6 Wh0S8 ^ ^ " CaP3b,e ^nscornp,erne„tingTe^ Z 
The invention further concerns the high eucaryotic cells, particularly mamalian cells and even more 

^::Z7z*t : hich contain - imesrated in their respective * s^zzz 

above defined, said retroviral sequence comprising the gene whose expression is sought in said cells For 
instance the cells of the invention contain the /,-globin gene or cloned ^Jhw IITiTL Z 
embryonic cells otherwise defective as regards these particular genes. The invention concerns JaLularv 
conge ated modified cells of that type or cel.s of that type maintained in any other lom^ZSS^ 

emhlnv I' 0 " -' 5 f ° r USe the Veterinary fie,d Particular il au,h °" 2£ * «* the modificaton of animal 
ZtZ ' ,° rder t0 ' nSert in th6ir 96n0m9S additional 9 enes ca P*ble of expressing determined 

proteins (or of supplement the expression of natural endogenous proteins). These inserted aTes may 
also have functus of regulation of endogenous genes, to increase - or to the contrary to repress their 
expression Such regulating functions can be useful for instance in causing an incmL o the mea 
produce ,n cattle or poultry or of milk production in cows. Thus the inventio related ■ TeXyo^l 
mooted according to the invention, in a suitable state of preservation, for instance in the coZlated Z 
for implantation in the uterus of a female animal using any suitable technique ""Related form. 

Repression of a gene may for instance be achieved upon introducing an antiparallel copy of said oene 

aJ Z^1ST^^T° 10 ^ inVenti ° n ^ ^ Ce " S c ~ d - « been shownTa 
(RUBEN^^^^ comp.ementary mRNA in eucaryotic cells 

(1982,. J Mo. Appt gZ. f 327 342) ^ ^ '" ^ " d S ° UTHERN " ^ * - 

^„, The , U ?l°! ,he J nvention is of cours e not limited to the modification of embryonic cells It can also be 
contemplated for the modification of differenciated cells in animals or even in Zans Fo mZnce the 

presem^tml 0 : "FIT*" " ^ U " d ** "» * ^ic *S 

1 oflhf - ?• ? aS> the meantime - undergone a treatment, i.e. radioactive irradiation The 
HGPRT I'ZT" 18 3 1 C ° n ' e : P,ated t0 ° V9rC0me " netiC deficienci9S in ~ for in ance n 
ce!r fr omtcr m lZ ( k , r diSe3Se in man) - ln 3 Same manner as above desc ^d, competent 
. ? ° an be t3ken UP ,r0m said mammals ' be modified by a recombinant DNA vecto 

Z 7 V^:r nl,0n m0difi6d by 3 HGPRT+ " ne and re - in * cted int ° sai mammals. 
M-MuLV-Sytk-neo virus has been deposited at the "Collection Nationale des Cultures de Micro 
organismes- (Pasteur Institute of Paris, France) under Number 1-341 on September 25 , 984 
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Claims 

1 



RNA; Jd 4S«S?!J W "" !laMy "™ !C, " ,e 58,11 '*> »' 

tormina, repeal and J P l 0 ,er ' B> ^ ,ranSCri " ional «** - said s> ,ong 

2 " 2^SSi^^ * « oogenous 

of said first promoter anc it* enhance? TnH ° heter0,0 9 0us t0 said retrovirus, ii) downstream 

« Promoter or an adenovirus pnJoi™ ^ , "" 9 * n c ""»»'"- ■ I"*™"" »™ 

5- Th. vector of anvene ol claims 1.4 wherein said retro** is an M-MuLV retrovirus. 
jo * Tl " ,ec,oro ' a "l~" »' a*» '"5 wherein said enhance, is an SV« enhancer. 

ss a Therefor of anyone of claims 1-7 which *so comprises a replicon for replication and amplification in 
9. The vector of anyone of claims 1-8 which further comprises said foreign gene. 
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10. The vector of anyone of claims 1-9 which is a recombinant retrovirus, with which said embryonic cell 
can be infected. 

11. An embryonic eucaryotic cell transformed with the vector of anyone of claims MO. 

12. A process for making the recombinant retrovirus of claim 10 which comprises transforming with the 
vector of anyone of claims 1-9, a cell that is capable of producing a retrovirion corresponding to the 
recombmant retrovirus and that contains a defective retroviral DNA integrated in its genome capable of 
trans-complementing the vector. 

1a The process of claim 12 wherein said cell is a retrovirus trans-complementing cell which does not 
contain an intron sequence containing a packaging signal. 

14. A process for transducing and expressing, in an embryonic eucaryotic cell, a foreign gene character- 
ized by the use of the vector of anyone of claims 1-10. 

15. The process of claim 14 wherein said embryonic cell is transformed by infection with the retrovirus of 
claim 10. 

16. The process of claim 15 wherein said embryonic cell is transformed with a recombinant retrovirus 
made by the process of claim 12 or 13. 

Revendications 

1. Vecteur recombinant d'ADN qui peut etre utilise pour la transduction d'une cellule eucaryote embryon- 
naire avec un gene Stranger codant pour un ARN, de sorte que ladite cellule embryonnaire transcrira 
de facon stable ledit gene dans ledit ARN ; ledit vecteur etant caracteiise par : 

a) de tongues repetitions terminates des extremes 5' et 3' d'un provirus correspondant a un 
retrovirus capable d'infecter ladite cellule embryonnaire ; 

b) un signal d'empaquetage d'un premier intron dudit provirus ; ledit signal d'empaquetage etant en 
aval de ladite longue repetition terminate en 5' dans una direction de transcription dudit vecteur • et 

c) un premier promoteur et un activateur qui sont heterologues audit retrovirus et sont en aval dudit 
signal d'empaquetage ; ledit premier promoteur etant reconnaissable par une polymerase endooene 
de ladite cellule ; 

d) ledit premier promoteur, ledit activateur et ladite longue repetition terminate en 5' etant situ6s de 
telle sorte que ledit gene etranger. qui est heterologue audit retrovirus, peut etre situe dans ledit 
vecteur : .) en aval dudit premier promoteur et dudit activateur, et ii) sous le controle de transcription 
de ladite longue repetition terminate en 5' et dudit premier promoteur. 

2. Vecteur selon la revendication 1, qui comprend egalement un deuxieme promoteur reconnaissable par 
une polymerase endogene de ladite cellule ; ledit deuxieme promoteur etant : i) heterologue audit 
retrovirus, ii) en aval dudit premier promoteur et dudit activateur, et iii) a I'inteneur d'une zone dudit 
vecteur sensble a Taction dudit activateur, de telle sorte que ledit gene etranger peut etre situe en 
aval, et sous le controle de transcription, dudit deuxieme promoteur. 

3. Vecteur selon la revendication 1 ou 2. dans lequel ledit premier promoteur et ledit activateur sont tous 
deux issus d'un gene du SV40, d'un gene de la /S-actine, d'un gene de la metallomethionine ou d'un 
gene du MMTV. 

4. Vecteur selon la revendication 2 ou 3. dans lequel ledit deuxieme promoteur est un promoteur de la 
thymidine kinase, un promoteur de la /J-actine. un promoteur de la metallomethionine. un promoteur de 
adenovirus ^"k^ ^ * Vh&pam B ' promoteur du virus du ^ ome ° u un Promoteur d'un 

Vecteur selon I'une quelconque des revendications 1 a 4. dans lequel ledit retrovirus est un retrovirus 
M-MuLV. 

Vecteur selon Tun quelconque d s revendications 1 a 5, dans lequel ledit activateur est un activateur 
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du SV40. 

7. Vecteur selon I'une quelconque des revendications 2 £ 6, dans lequel ledit premier promoteur et ledit 
activateur sont issus d'une region predoce du SV40 et ledit deuxieme promoteur est un promoteur de 
la thymidine kinase. 

8. Vecteur selon Tune quelconque des revendications 1 a 7, qui comprend egalement un replicon pour la 
replication et ('amplification dans E. coli. 

9. Vecteur selon Tune quelconque des revendications 1 k 8, qui comprend en outre ledit gene etranger. 

10. Vecteur selon I'une quelconque des revendications 1 k 9, qui est un retrovirus recombinant, avec lequel 
ladite cellule embryonnaire peut etre infected. 

11. Cellule eucaryote embryonnaire transformed par le vecteur tel que defini a I'une quelconque des 
revendications 1 & 10. 

12. Procede de preparation du retrovirus recombinant tel que defini k la revendication 10, qui comprend la 
transformation, par le vecteur tel que d<§fini k Tune quelconque des revendications 1 k 9, d'une cellule 
qui est capable de produire un retrovirion correspondant au retrovirus recombinant et qui contient un 
ADN retroviral deficient integre dans son genome capable de transcomplementer le vecteur. 

13. Proced<§ selon la revendication 12, dans lequel ladite cellule est une cellule trans-compl<§mentant un 
virus qui ne contient pas de sequence intron contenant un signal d'empaquetage. 

14. Proc<§dt§ de transduction et d'expression, dans une cellule eucaryote embryonnaire, d'un gene (Stranger 
caracteris<§ par ('utilisation du vecteur tel que defini k Tune quelconque des revendications 1 & 10. 

15. Process selon la revendication 14, dans lequel ladite cellule embryonnaire est transformed par infection 
par le retrovirus tel que defini k la revendication 10. 

16. Procede* selon la revendication 15, dans lequel ladite cellule embryonnaire est transformed par un 
retrovirus recombinant obtenu par le procede tel que defini k la revendication 12 ou 13. 

PatentansprUche 

1. DNA-Rekombinations-Vektor, der zur Transduktion einer embryonalen eukaryotischen Zelle mit einem 
eine RNA-codierenden fremden Gen verwendbar ist, so dafi die embryonale Zelle das Gen stabil in die 
RNA transkribiert; wobei der Vektor gekennzeichnet ist durch: 

a) "long terminal repeats" der 5'- und 3*-Enden eines Provirus, das einem zur Infektion der 
embryonalen Zellen fahigen Retrovirus entspricht; 

b) ein Verpackungssignal eines ersten Introns des Provirus; wobei das Verpackungssignal stromab- 
warts des 5'-"long terminal repeats" in Transkriptionsrichtung des Vektors liegt; und 

c) einen ersten Promotor und einen Enhancer, die zum Retrovirus heterolog sind und stromabwarts 
des Verpackungssignals liegen; wobei der erste Promotor von einer endogenen Polymerase der 
Zelle erkennbar ist; 

d) wobei der erste Promotor, der Enhancer und der 5'-"long terminal repeats" so liegen, daB das 
fremde Gen, das zum Retrovirus heterolog ist, im Vektor lokalisiert werden kann: i) stromabwMrts 
vom ersten Promotor und Enhancer und ii) unter der Transkriptionskontrolle des 5'-"iong terminal 
repeats" und des ersten Promotors steht. 

2. Vektor nach Anspruch 1, der einen zweiten von einer endogenen Polymerase der Zelle erkennbaren 
Promotor enthalt, wobei der zweite Promotor i) heterolog zum Retrovirus ist, ii) stromabwarts vom 
ersten Promotor und Enhancer und iii) in einem fOr die Wirkung des Enhancers sensitiven Bereich des 
Vektors liegt, so dafl das fremde Gen stromabwarts davon lokalisiert werden kann, und unter der 
Transkriptionskontrolle des zweiten Promotors steht. 

a Vektor nach Anspruch 1 oder 2, wobei der erste Promotor und der Enhancer beide von einem SV40- 



14 



EPO 178 220 B1 



Gen, von einem B-Actin-Gen, von einem Metallomethionin-Gen oder von einem MMTV-Gen stammen. 

4. Vektor nach Anspruch 2 oder 3, wobei der zweite Promoter ein Thymidin-Kinase-Promotor ein B-Actin- 
Promotor, em Metallomethionin-Promotor, ein Hepatitis B-Wus-Oberflachenantigen- Promotor ein 
Polyoma-Virus-Promotor oder ein Adenovirus-Promotor ist. 

5. Vektor nach einem der Anspruche 1 bis 4, wobei das Retrovirus ein M-MuLV-Retrovirus ist. 

6. Vektor nach einem der Anspruche 1 bis 5, wobei der Enhancer einen SV40-Enhancer ist. 

7. Vektor nach einem der AnsprUche 2 bis 6, wobei der erste Promotor und der Enhancer aus dem frUhen 
Bererch von SV40 stammen und der zweite Promotor ein Thymidin-Kinase-Promotor ist. 

8. Vektor nach einem der Anspruche 1 bis 7, der ferner ein Replikon zur Replikation und Amplication in 
E. coli enthSlt. 

9. Vektor nach einem der AnsprUche 1 bis 8, der ferner das fremde Gen enthalt. 

10. Vektor nach einem der Anspruche 1 bis 9, der ein rekombinantes Retrovirus ist, mit dem die 
embryonale Zelle infiziert werden kann. 

11. Embryonale eukaryotische Zelle, die mit dem Vektor nach einem der Anspruche 1 bis 10 transformiert 
ist. 

12. Verfahren zur Herstellung eines rekombinanten Retrovirus nach Anspruch 10, bei dem man eine Zelle 
die dazu fahig ist, ein Retrovirion entsprechend dem rekombinanten Retrovirus zu bilden, und die eine 
defekte retroviral DNA in ihrem Genom enthSIt, die den Vektor in trans komplementieren kann, mit 
dem Vektor nach einem der Anspruche 1 bis 9 transformiert. 

13. Verfahren nach Anspruch 12, wobei die Zelle eine in trans Retrovirus-komplementierende Zelle ist, die 
keine Intron-Sequenz enthalt, die ein Verpackungssignal enthalt. 

14. Verfahren zur Transduktion und Expression eines fremden Gens in einer embryonalen eukaryotischen 
Zelle, gekennzeichnet durch die Verwendung des Vektors nach einem der Anspruche 1 bis 10. 

15. Verfahren nach Anspruch 14, wobei die embryonale Zelle durch Infektion mit dem Retrovirus nach 
Anspruch 10 transformiert wird. 

16. Verfahren nach Anspruch 15, wobei die embryonale Zelle mit einem nach den Verfahren von Anspruch 
12 oder 13 hergestellten rekombinanten Retrovirus transformiert wird. 
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